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(54) Single sideband transmission of QPSK, QAM and other signals 



(57) Methods, apparatus and system are described 
tor transmitting signals in QPSK, QAM and other similar 
modulation formats as single sideband (SSB) signals. 
An exemplary SSB-QPSK transmitter (60) receives an 
in-phase data signal x(n) and a quadrature-phase data 
signal y(n). The in-phase data signal and a Hilbert trans- 
form (74) of the quadrature-phase data signal are mod- 
ulated (80) onto a cosine carrier signal, the quadrature- 
phase data signal and a Hilbert transform (68) ol the in- 
phase data signal are modulated (84) onto a sine carrier 
signal, and the modulated sine and cosine carrier sig- 
nals are combined (86) to provide a modulated SSB- 



QPSK signal. The in-phase and quadrature-phase data . 
signals are time-aligned signals which are interpolated 
(62.64) prior to modulation so as to include zero values 
at alternating instants of time. Their corresponding 
Hilbert transforms therefore also exhibit alternating zero 
values. During modulation, the in-phase data signal can 
thus be interleaved with Hilbert transforms of the quad- 
rature-phase data signal, and the quadrature-phase da- 
ta signal can be interleaved with Hilbert transforms of 
the in-phase data signal, without any interference be- 
tween the signals. Coherent quadrature detection may 
be used to recover both the in-phase and quadrature- 
phase data signals at a receiver. 
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Description 

Field of the Invention 

5 [0001] The present invention relates generally to communication systems and more particularly to communication 
systems which utilize quaternary-phase-shift-keying (QPSK), quaternary-amplitude modulation (QAM) or other similar 
signal transmission techniques. 

Background of the Invention 



[0002] Modulation techniques based on QPSK are commonly used in cellular, personal communication service (PCS) 
and other types of wireless communication systems. For example, QPSK and offset QPSK (OQPSK) are used in digital 
wireless systems configured in accordance with the IS-95 standard as described in TIA/EIA/IS-95, "Mobile Station - 
Base Station Compatibility Standard tor Dual-Mode Wideband Spread Spectrum Cellular System, " June 1996. Other 

is wireless system standards, including IS-54, IS-136 and GSM, also make use ol QPSK or a variant thereof. FIG. 1 A 
shows a conventional QPSK modulator 10. An in -phase (I) signal x[n] is passed through a pulse-shaping filter 12, and 
the output of filter 12 is modulated onto a cosine carrier signal cos^^ in mixer 14. A quadrature-phase (Q) signal y 
\n] is passed through a pulse-shaping filter 16, and the output of filter 16 is modulated onto a sine carrier signal sin 
(to c t) in mixer 1B. The I and Q radio frequency (RF) signals from mixers 14 and 18 are supplied as inputs to a signal 

20 combiner 20. The signal combiner 20 combines the I and Q RF signals to form an output QPSK signal z(t) which may 
be transmitted over a communication channel to a receiver. QPSK modulation thus involves transmitting independent 
signals on the I and Q components of the signal z(t). 

[0003] Single sideband (SSB) modulation is a modulation technique that has historically received considerably more 
attention for analog rather than digital transmission applications, and is described in greater detail in. for example, W. 

2S E. Sabin and E.O. Schoenike (Eds.) "Single Sideband Systems & Circuits,' 2 nd Edition, McGraw-Hill, New York, 1995. 
FIG. 1B shows a conventional discrete-time SSB modulator 30. An in-phas© signal j^n] is passed through a delay 
element 32 and a pulse-shaping filter 34, and the output of filter 34 is modulated onto cosfoj) in mixer 36. Unlike 
QPSK modulation, which as described above transmits independent signals x[n] and y[h\ in its respective I and Q 
components, SSB modulation transmits xfn] in the I component and the Hilbert transform of x[n] in the Q component. 

30 The Q component in SSB modulator 30 is therefore generated by passing jr[n] through a Hilbert filter 38 and a pulse- 
shaping fitter 40, and modulating the output of filter 40 onto sin(<a c 1) in mixer 42. A signal combiner 44 combines the I 
and Q RF signals from mixers 36 and 42 to generate an SSB signal h<0 for transmission. While SSB modulation 
transmits halt the number of bits as QPSK modulation, it also utilizes half the bandwidth, such that SSB and QPSK 
modulation have the same spectral efficiency. 

36 [0004] A conventional QPSK signal generally cannot be transmitted as an SSB signal. For example, the QPSK signal 
z(t) generated by QPSK modulator 10 may be expressed as: 



10 



z{t) = (x(n]*o(0}cos(w c f) + {y[n)+g(t)}sin{ w c t). 



(1) 



40 



Given that x{n\, y\n]G {±1 } for QPSK signaling, the transmitted signal z(t) can be written as: 



45 




(2) 



The complex base band- equivalent representation of the transmitted QPSK signal z(t) may be defined as: 



so 



(3) 



Similarly, the complex baseband-equivalent representation of the SSB signal w(t) can be written as: 



ss 
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where x(t) = H{x(t)) and H is the Hilbert transform operator. If the conventional QPSK signal as defined in (3) is trans- 
formed into an SSB signal, the resulting signal is given by: 

<*-y) + /<$ + y). (5) 

It can be seen from (5) that a conventional SSB transformation of a QPSK signal results in a catastrophic interference 
between the I and Q components that cannot be removed at the receiver As a result, SSB transmission is generally 
not utilized in QPSK communication systems. Similar problems have prevented the use of SSB transmission with other 
types of similar modulation techniques, including quadrature-amplitude modulation (QAM). 

Summary of the Invention 

[0005] The present invention provides techniques which allow signals modulated using QPSK, QAM or other similar 
modulation formats to be transmitted as SSB signals. As a result, the invention provides the benefits ol SSB transmis- 
sion in communication systems utilizing QPSK, QAM and other modulation formats. In an illustrative embodiment ot 
the invention, an in-phase data signal x[n] and a Hilbert transform H y of a quadrature-phase data signal y{n] are mod- 
ulated onto a cosine carrier signal, and the quadrature -phase data signal y[n) and a Hilbert transform H x of the in- 
phase data signal x[n] are modulated onto a sine carrier signal. The x[n] and y\n] signals are time-aligned signals which 
are interpolated prior to modulation so as to include zero values at alternating instants of time. Their corresponding 
Hilbert transforms H x and H y therefore also exhibit alternating zero values. This arrangement of alternating zeros allows 
x[n] to be interleaved with Hy and y[n] to be interleaved with H x , without creating any interference between x[n] and y 
[n] in the modulation process. The modulated cosine and sine carrier signals are then combined to generate a modulated 
SSB-QPSK signal for transmission. The SSB-QPSK signal can be demodulated in a receiver which uses coherent 
quadrature detection to recover both the x[n) and y[n] data signals. 

[0006] The modulation techniques of the invention provide substantially the same spectral efficiency as conventional 
— SSB ar^QPSK-nrK>dulationrbut-can-provkJe-advantag 
example, in the presence of equalization imperfections on Rayleigh-faded mobile radio channels, the SSB-QPSK mod- 
ulation of the invention can provide betier bit error rate (BER) performance than conventional SSB or QPSK modulation. 

Brief Description of the Drawings 

[0007] FIG. 1 A shows a conventional QPSK modulator. 

[0008] FIG. 1 B shows a conventional discrete-time SSB modulator. 

[0009] FIGS. 2A and 23 show an impulse function and Its Hilbert transform, respectivery. 

[0010] FIGS. 3A and 3B show an impulse train and its Hilbert transform, respectivery. 

[0011] FIGS. 4 A and 4B show a zero-interpolated impulse train and its Hilbert transform, respectively. 

[001 2] FIGS. 5A, 5B and 5C compare modulation formats for conventional QPSK, conventional SSB, and SSB-QPSK 

in accordance with an illustrative embodiment of the invention. 

[0013] FIG. 6 shows an exemplary SSB-QPSK transmitter in accordance with the invention. 

[0014] FIG. 7 shows a dual-branch SSB receiver in accordance with the invention. 

[0015] FIG. 8 shows an SSB-QPSK receiver in accordance with the invention. 

Detailed Description of the Invention 

[0016] The invention will be illustrated below in conjunction with an exemplary communication system utilizing single 
sideband (SSB) quaternary-phase-shift-keying (QPSK) modulation. It should be understood, however, that the inven- 
tion is not limited to use wilh any particular type of communication system or modulation format, but is instead more 
generally applicable to any system in which it is desirable to transmit signals modulated using QPSK, quaternary- 
amplitude modulation (QAM) or other similar modulation techniques in an SSB format. For example, the invention may 
be used in a variety of wireless communication systems, including systems configured in accordance with the IS-S4, 
IS-95, IS-136 and GSM standards. Additional details regarding these and other communication systems in which the 
invention may be utilized can be found in, for example, T.S. Rappaport, "Wireless Communications: Principles and 
Practice," Prentice- Hal I. NJ, 1996, which is incorporated by reference herein. 

[0017] The invention provides techniques which enable signals modulated in QPSK, QAM and other similar modu- 
lation formats to be transmitted as SSB signals. As a result, the invention provides the benefits of SSB transmission 
in communication systems utilizing QPSK QAM and other similar modulation formats. In order 1o illustrate the operation 
of the invention, the discrete Hilbert transform will first be described in greater detail. An ideal Hilbert transformer may 
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be considered an all-pass filter that rotates an input signal by 90 degrees. The frequency response of the ideal Hifbert 
transformer is therefore given by: 



(V 0<«*a 
0 <*-0 
j -*<«<0 



(6) 



to The resulting impulse response of the ideal Hilbert transformer is then given by: 



M-J - 



0 



»*0 
m-0 



(7) 



As can be seen from (7), the impulse response of the Hilbert transformer is non-causal and infinite in duration. In 
practical applications, the Hilbert transformer includes a finite number N of filter laps, where N is selected based on 
the degree of SSB suppression that needs to be achieved in a given application. Certain windowing techniques can 
also be used to further reduce the number of taps. These and other details regarding Hilbert transformers are described 
in, for example, A.V. Oppenheimand R.W. Schafer, "Discrete-Time Signal Processing," Prentice -Hal I, NJ. 1989, which 
is incorporated by reference herein. 

[0018] The ideal Hilbert transformer characterized above may be made causal by introducing a delay ol n d ~ (N-1) 
/2, assuming that N is odd. The resulting impulse response is given by: 



l«n»[« (»-» ,)/2) 
0 



(8) 



Due to the nJ2 term appearing in the argument of the sin function in (8), the impulse response h\n) goes to zero every 
other time instant, i.e., h[n} is zero for n- n = n d ±2, n= n d ±A and so on. By way of example, FIG. 2A shows an 
impulse function x{n] and FIG. 2B shows the corresponding impulse response h\n) = H{x\n]} of the Hilbert transformer 
for n d = 9. It can be seen from FIG. 2B that the impulse response tin] goes to zero for values of n = 1, 3, 5, 7, 9, 11 
and so on. 

1001 9] If the input to a causal Hilbert transformer is a train of impulse functions, such as that shown in FIG. 3A. then 
the alternating zeros do not appear in the corresponding Hilbert transform H{xf nj}, as shown in FIG. 3B. The train of 
impulse functions in FIG. 3Amaybe expressed as Z K 5 (n- k). The corresponding Hitoert transform in FIG. 3B is given by: 



2«n a («r>.» rf .*)/l] 

X(ff-M rf -*) 



(9) 



It can be seen from (9) that, since the index k increments by 1 during the summation process, only half of the terms 
contributing to the final sum will be zero. Therefore, for any value of n, the sum would not be zero, and the alternating 
zeros iltustrated in conjunction with FIG. 2B would therefore not appear in the Hilbert transform. This provides an 
illustration of why a QPSK signal cannot be transformed into an SSB signal using conventional techniques. Wore 
particularly, if the signal xf n] modulates the cosine carrier and its Hilbert transform modulates the sine carrier, as in the 
conventional SSB modulator 30 of FIG. 1B, modulating the QPSK quadrature-phase signal y{n) on the sine carrier 
would lead to catastrophic interference with the Hilbert transform, as was previously described. 
[0020] The invention allows a OPSK signal to be transmitted as an SSB signal by recovering the alternating zeros 
in the Hilbert transform of in-phase signal x[n], and interleaving the quadrature-phase signal y[n] into Hilbert transform 



NSDQCID: <EP 091732SA2 \ > 



» 



♦ 



EP0 917 325 A2 



at the locations of the alternating zeros. In other words, in accordance with the invention, the quadrature -phase signal 
v[n] can be inserted in locations where the Hilbert transform of x|n] is zero. For example, if xfn) is an impulse train 
containing alternating zeros as shown in FIG. 4A, x\n] can be expressed as 2^ 5 (n - 2k), and the corresponding Hilbert 
transform illustrated in FIG. 43 is then given by: 



In the summation (10), if n- n d is even, then the argument of the s/nf unction will remain even over the entire summation 
process and a zero sum would be obtained, as can be seen from FIG. 4B. If the signal *{n) appears as a delta function 
at n & i.e., x[n] = 5(n - n d ), then the value of the Hilbert transform at n = n d would be zero. Similarly, when x[n] = 8(n - 
15 n d - 2), the value of the Hilbert transform at n = n d + 2 would be zero. Thus, wherever x[n) is non-zero } its Hilbert 
transform at that corresponding instant is zero and vice-versa. If y{n\ can be generated such that it is zero at alternating 
instants in time, then its Hilbert transform would also exhibit alternating zeros. 

[0021] An illustrative embodiment of the invention thus generates two signals x[n] and y{n] which have a value of 
zero at alternating instants of time, such that their Hilbert transforms also exhibit alternating zeros. II the non-zero 

20 values of x[n] and y{n] are lime aligned, then the non-zero values of their respective Hilbert transforms are also time 
aligned. As described in conjunction with FIG. 1 A, conventional QPSK modulation generally trans mitsxjn] on the cosine 
carrier and y{ri\or\ the sine carrier. A QPSK signal can be transmitted as an SSB signal in accordance with the illustrative 
embodiment of the invention by transmitting the Hilbert transform of x[ri[, designated H x , on the sine carrier, and the 
Hilbert transform of y\n], designated H y . on the cosine carrier. Thus, if x[n] and y[nj are time aligned, Hy will interleave 

2S with xfr?) without any interference and similarly H x will interleave with y{n] without any interference. These and other 
techniques of transmitting a QPSK signal in an SSB format in accordance with the invention will be generally referred 

— to- herein as-SSB-QPSK-modulation; ■■ — : 

[0022] FIGS. 5A, 5B and 5C compare transmission formats for conventional QPSK modulation (FIG. 5A) and con- 
ventional SSB modulation (FIG. 5B) with SSB-QPSK modulation in accordance with the invention (FIG. 5C). It is as- 

30 sumed that the transmission bandwidth is the same for each of the three transmission formats In the case of conven- 
tional QPSK transmission, signal data introduced in the I -channel (i.e.. x[nj. 1], ...) and signal data introduced in 
the Q-channel (i.e.. y\fi[. y{n + 1], ...) are modulated by a QPSK modulator onto respective cosine and sine carriers 
after pulse shaping, as illustrated in FIG. 5A. In the case of conventional SSB transmission, signal data is introduced 
only in the I -channel (i.e., x[n}, x{n + 1], ...), and the SSB modulator extracts the signal data for the Q-channel by 

35 generating Hilbert transforms (i.e., H x |n], H x [n + 1], ...) of the l-channel data, as illustrated in FIG. SB. 

[0023] In the case of SSB-QPSK modulation, signal data is introduced in both the l-channel and the Q-channel as 
shown in FIG. SC. An SSB-QPSK modulator, to be described in greater detail below, interpolates between the intro- 
duced data with zeros s and then extracts the Hilbert transforms, such that the introduced data and the corresponding 
Hilbert transforms are arranged as shown for transmission. The l-channel in the SSB-QPSK transmission format in- 

40 eludes the data introduced in the l-channel (i.e., x\n), >{n + 1], ...) interleaved with the Hilbert transforms (i.e., H y [n], H y 
[n+ 1). ...) of the data introduced in the Q-channel (i.e., y[n], y[n + 1). ...). Similarly, the Q-channel in the SSB-QPSK 
transmission format includes the data introduced in the Q-channet interleaved with the Hilbert transforms (i.e., H x [n] : 
H x [n + 1], ...) of the l-channel data. 

[0024] FIG. 6 shows an exemplary SSB-QPSK transmitter 60 which implements the above-described illustrative 
45 embodiment of the invention. The transmitter 60 includes interpolation devices 62 and 64 for interpolating with zeros 
between the introduced data of the input signals x[n] and y[ n], respectively. The Interpolated signal x[n] is separated 
into two parts. One part is delayed in a delay element 66, and the other part is Hilbert transformed in a Hilbert filter 68. 
The delayed version of x[n\ from delay element 66 is applied to a signal combiner 70, and the Hilbert transform of x[r7j 
is applied to another signal combiner 72. The delay of delay element 66 is selected to match the delay introduced by 
so the Hilbert filter 68. 

[0025] The interpolated signal y[n] is similarly processed using a Hilbert filler 74 and a delay element 76, with the 
Hilbert transform of y[n] applied to signal combiner 70, and the delayed version of y[n] applied to a signal combiner 
70. The delay in delay element 76 is selected to match the delay introduced by the Hilbert filter 74. The signal combiner 
70 thus sums the Hilbert transform of y{n] with the delayed version of x[ri\. and the signal combiner 72 sums the Hilbert 
55 transform of x[n] with the delayed version of y{n], to produce l-channel and Q-channel data signals similar to those 
shown in FIG. SC. The summation operations performed by signal combiners 70 and 72 in FIG. 6 may thus be viewed 
as time-interleaving operations. The l-channel data signal is then pulse shaped in a niter 7G and the pulse-shaped 
signal is modulated on a cosine carrier signal cosim^) in a mixer 80. Similarly, the Q-channel data signal is pulse 
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shaped in a fitter 82 and modulated on a sine carrier signal sinftaj) in a mixer 84. The l-channel and Q-channel RF 
signals from mixers 80 and 84 are combined in a signal combiner 86 to generate an SSB-QPSK signal z(t)\n accordance 
with the invention. 

[0026] The operation of an SSB-QPSK receiver in accordance with the invention will be described below in conjunc- 
5 tion with FIGS. 7 and 8. A conventional single-branch SSB receiver implementing a coherent analog demodulation 
process mixes a received SSB signal with a locally-generated cosine carrier, and then low pass filters the result to 
recover x(t). Information arriving on the sine term of the SSB signal is usually ignored. FIG. 7 shows a dual-branch 
SSB receiver 90 in which a received SSB signal w(t) is quadrature demodulated in accordance with the invention to 
recover information from both the cosine and sine terms of the SSB signal. The l-channel information arriving on the 
io cosine term of the SSB signal w(t) is coherently demodulated by mixing w(t) with cos(wj) in mixer 92. and low pass 
filtering the result in low pass filter (LPF) 94. The output of the LPF 94 is converted to a digital signal in anatog-to-digilal 
(A/D) converter 96, and the digital signal is passed through a matched filter (MF) 98 and then applied to an input of a 
signal combiner 100. The Q-channel information arriving on the sine term of the SSB signal w^r) is coherently demod- 
ulated by mixing w(t) with $in((a c t) in mixer 102. and tow pass filtering the result in LPF 1 04. The output of the LPF 1 04 
is is converted to a digital signal in A/D converter 106. and the digital signal is passed through an MF 108. The output of 
the MF 108 is then Hilbert transformed in a Hilbert filter (HF) 110. 

[0027] From equation (41 above it can be seen that the Q-channel information on the sine term of the SSB signal 
corresponds generally to x = H{x). In order to obtain x from H{x}, the receiver 90 makes use of the property of the 
Hilbert transform that H{H{x}} = -x Therefore, the output of HF 110, which corresponds to H{H{x}} or -x. is inverted by 

so multiplying it with -1 in multiplier 112, so as to obtain x. The output of multiplier 112 is summed with the output of MF 
98 in signal combiner 100. and the result is thresholded in a threshold device 114 to recover x[n). Since the signals 
applied to signal combiner 100 add coherently while the noise adds incoherently, the signal-to-noise ratio is effectively 
doubled after the summation in signal combiner 1 00. The receiver 90 thus delivers substantially the same bit error rate 
(BER) performance as a conventional QPSK receiver. In contrast, the BER performance of the above-noted conven- 
es tional single-branch SSB receiver is approximately 3 dB worse than that of either the dual-branch SSB receiver 90 or 
the conventional QPSK receiver. 

[ 0028 ] FIG. 8 shows an SSB-QPSK receiver 1 20 in accordance with an illustrative embodiment of the invention. The 

SSB-QPSK receiver 120 demodulates the above-described SSB-QPSK signal using the dual-branch quadrature de- 
modulation techniques illustrated in FIG. 7. An incoming SSB-QPSK signal is quadrature demodulated, with mixer 122, 

30 LPF 124. A/D converter 126 and MF 128 used to recover the l-channel information on the cosine carrier, and mixer 
132, LPF 134. A/D converter 136 and MF 138 used to recover the Q-channel information on the sine carrier. The 
outputs of the MFs 128 and 138 are applied to an equalizer 130 which removes intersymbol interference (ISI) which 
may have been introduced in the transmission channel. The resulting output signals are converted from serial to parallel 
form in serial-to-parallel (S/P) converters 140 and 150. The cosine-demodulated l-channel signal at the output of S/P 

35 converter 1 40 corresponds to a real signal, while the sine-demodulated Q-channel signal at the output of S/P converter 
1 50 corresponds to an imaginary signal. The real signal from S/P converter 140 is split into an xtnj data part and an 
H y Hilbert transform part. Similarly, the imaginary signal from S/P converter 150 is split into a jfn] data part and an 
Hilbert transform part. This composition of the l-channel and Q-channel signals was described above in conjunction 
with FIG. 5C. The H y Hilbert transform part from S/P converter 1 40 is processed through Hilbert filter 1 42 and multiplier 

40 144 in the manner described in conjunction with FIG. 7, and ihen combined in signal combiner 146 with the yfn] data 
part from S/P converter 1 50. The resulting combined signal is thresholded in threshold device 148 to yield the output 
signal y\n\. Similarly, the H x Hilbert transform part from S/P converter 150 is processed through Hilbert filter 152 and 
multiplier 154. combined in signal combiner 156 with the x[n] data part from S/P converter 140, and the resulting 
combined signal is thresholded in threshold device 1 60 to yield the output signal x[n). 

45 [0029] The SSB-QPSK modulation techniques of the invention provide substantially the same spectral efficiency as 
conventional SSB and QPSK modulation, but can provide advantages over both SSB and QPSK in particular applica- 
tions. For example, in the presence of equalization imperfections on Rayleigh-faded mobile radio channels, the SSB- 
QPSK modulation of the invention can provide belter BER performance than conventional SSB or QPSK modulation. 
[0030] The above -described embodiments of the invention are intended to be Illustrative only. Numerous alternative 

so embodiments within the scope of the following claims will be apparent to those skilled in the art. 



Claims 

1. A method of generating a modulated single sideband signal for transmission in a communication system, the 
method comprising the steps of: 

modulating an in-phase data signal and a transform of a quadrature-phase data signal onto a first carrier 
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signal: and 

modulating the quadrature -phase data signal and a transform of the in-phase data signal onto a second carrier 
signal such that the modulated first and second carrier signals when combined provide the modulated single 
sideband signal. 

5 

2. The method of claim 1 wherein the modulated single sideband signal is a single sideband quatemary-phase-shrft- 
keying (QPSK) signal. 

3. The method of claim 1 wherein the step of modulating an in-phase data signal and a transform of a quadrature- 
10 phase data signal onto a first carrier signal further includes modulating an interpolated in-phase data signal and 

a Hilbert transform of an interpolated quadrature-phase data signal onto a cosine carrier signal. 

4. The method of claim 1 wherein the step of modulating the quadrature-phase data signal and a transform of the in- 
phase data signal onto a second carrier signal further includes modulating an interpolated quadrature -phase data 

is signal and a Hilbert transform of an interpolated in-phase data signal onto a sine carrier signal. 

5. The method of claim 1 wherein the in-phase and the quadrature-phase data signals are time-aligned signals. 

6. The method of claim 1 wherein the step of modulating an in-phase data signal and a transform of a quadrature- 
20 phase data signal onto a first carrier signal further includes time interleaving portions of the in-phase data signal 

with Hilbert transforms of portions of the quadrature-phase data signal. 

7. The method of claim 1 wherein the step of modulating the quadrature -phase data signal and a transform of the in- 
phase data signal onto a second carrier signal further includes time interleaving portions of the quadrature-phase 

25 data signal with Hilbert transforms of portions of the in-phase data signal. 

8. The method of claim 1 wherein the in-phase and the quadrature-phase signals are interpolated so as to include 
2ero values at alternating instants of time, such that their corresponding Hilbert transforms also exhibit alternating 
zero values. 

30 

9. An apparatus for of generating a modulated single sideband signal for transmission in a communication system, 
the apparatus comprising: 

an in-phase channel operative to modulate an in-phase data signal and a transform of a quadrature-phase 
35 data signal onto a first carrier signal; and 

a quadrature-phase channel operative to modulate the quadrature-phase data signal and a transform of the 
in-phase data signal onto a second carrier signal, such that the modulated first and second carrier signals 
when combined provide the modulated single sideband signal. 

40 10. The apparatus of claim 9 wherein the modulated single sideband signal is a single sideband quaternary-phase- 
shift-keying (QPSK) signal. 

11. The apparatus of claim 9 wherein the in-phase channel is further operative to modulate an interpolated in-phase 
data signal and a Hilbert transform of an interpolated quadrature-phase data signal onto a cosine carrier signal. 

AS 

12. The apparatus of claim 9 wherein the quadrature-phase channel is further operative to modulate an interpolated 
quadrature-phase data signal and a Hilbert transform of an interpolated in-phase data signal onto a sine carrier 
signal. 

so 13. The apparatus of claim 9 wherein the in-phase and the quadrature-phase data signals are time-aligned signals. 

14. The apparatus of claim 9 wherein the in-phase channel is further operative to time-interleave portions of the in- 
phase data signal with Hilbert transforms of portions of the quad rature-phaso data signal. 

55 15. The apparatus of claim 9 wherein the quadrature-phase channel is further operative to time-interleave portions of 
the quadrature-phase data signal with Hilbert transforms ol portions of the in-phase data signal. 

16. The apparatus of claim 9 wherein the in-phase and quadrature-phase channels are further operative to interpolate 
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the respective in-phase and the quadrature-phase signals such that the in-phase and quadrature-phase signals 
include zero values at alternating instants of time, and their corresponding Hilberl transforms also exhibit alternating 
2ero values. 

5 17. A method of demodulating a received Sfngle sideband signal in a communication system, the method comprising 
the steps of: 

demodulating a first carrier signal to recover an in-phase data signal and a transform of a quadrature -phase 
data signal; and 

10 demodulating a second carrier signal to recover the quadrature-phase data signal and a transform of the In- 

phase data signal, wherein the transform of the in-phase data signal is used to improve detection of the in- 
phase data signal, and the transform of the quadrature-phase data signal is used to improve detection of the 
quadrature-phase data signal. 

is 18. An apparatus for demodulating a received single sideband signal in a communication system, the apparatus com- 
prising: 

an in-phase channel for demodulating a first carrier signal to recover an in-phase data signal and a transform 
of a quadrature-phase data signal; and 
20 a quadrature-phase channel for demodulating a second carrier signal to recover the quadrature-phase data 

signal and a transform of the in-phase data signal, wherein the transform of the in-phase data signal is used 
to improve detection of the in-phase data signal, and the transform of the quadrature-phase data signal is 
used to improve detection of the quadrature-phase data signal. 

19. A communication system comprising: 

a transmitter for generating a modulated transmission si g nal , the transmitter includin g an in-phase c hannel 

operative to modulate an in-phase data signal and a transform of a quadrature-phase data signal onto a first 
carrier signal, and a quadrature-phase channel operative to modulate the quadrature-phase data signal and 
30 a transform of the in-phase data signal onto a second carrier signal, such that the modulated first and second 

carrier signals when combined provide the modulated transmission signal: and 

a receiver for receiving the modulated transmission signal, the receiver processing the transmission signal to 
recover the in-phase and quadrature-phase data signals. 
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lated (62,64) prior to modulation so as to include zero 
values at alternating instants of time. Their correspond- 
ing Hilbert transforms therefore also exhibit alternating 
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nal can thus be interleaved with Hilbert transforms of the 
quadrature-phase data signal, and the quadrature- 
phase data signal can be interleaved with Hilbert trans- 
forms of the in-phase data signal, without any interfer- 
ence between the signals. Coherent quadrature detec- 
tion may be used to recover both the in-phase and quad- 
rature-phase data signals at a receiver. 



FIG. S 




a> 



CL 
UJ 



<SDCCrO: <EP DS1732SA3_1_> 



Printed by Jouv*. 75001 PARIS <FR) 



EP 0 917 325 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application NumtNr 

EP 98 30 8978 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wtth Indication, where appropriate. 
oj relevant passaff ea 



Relevant 



CLASSIFICATION OF THE 



EP 0 244 057 A (AMERICAN TELEPHONE & 
TELEGRAPH) 4 November 1987 (1987-11-04) 

* abstract; figure 1 * 

* page 7, line 10 - page 8, line 13 * 

EP 0 676 880 A (CABLE TELEVISION LAB INC) 
11 October 1995 (1995-10-11) 

* column 2, line 50 - column 3, line 39; 
figures 5,6 * 

* column 1, line 21 - column 2, line 34; 
figures 1,2 * 

EP 0 206 402 A (PHILIPS ELECTRONIC 
ASSOCIATED ;PHILIPS NV (NL)) 
30 December 1986 (1986-12-30) 

* abstract; figure 1 * 



The present search report has been drawn up far afl claims 



1-5, 

8-13, 

16-19 



1-5, 

8-13, 

16-19 



17-19 



H04L27/02 



TECHNICAL RE LOB 

<taiLCl.0> 



H04L 
H03D 



MUNICH 



26 February 2002 



Horbach, C 



CATEGORY OF CITED DOCUMENTS 

X : partial arty relevant it taken alone 

Y : particularly relevant If conHned with another 

document d the same catef — 
A : technologJcal backeround 
O :non-writ*m dsclowjra 
P : intermediate document 



T : theory or principle underlying the Invent on 
E : earier pajentoooumert. but published on, or 

attar the fling date 
O : docu -Tv^nt cited In the eppi cation 
L : document died for other reasons 



& : member o' B-e same pal on: ta-rtfy, oyresporKSng 



SCOClO. <EP 0917326A3_I_> 



EP 0 917 325 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 8978 



This anno* lists the patent family member s relating to the patent documents cHec - in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office fa In no way liable for these particulars which are merely given for the purpose of Information. 

26-02-2002 



Patent do 




Publication 


Patent family 


Publication 




cited in sea 


•ch report 


data 


membw(s) 


date 





EP 0244057 



04-11-1987 



CA 
DE 
DE 
EP 
JP 
JP 
US 



1257656 Al 
3787994 Dl 
3787994 T2 
0244057 A2 
2842867 B2 
62210760 A 
4780884 A 



18-07-1989 
09-12-1993 
11-05-1994 
04-11-1987 
06-01-1999 
16-09-1987 
25-10-1988 



EP 


0676880 


A 


11- 


-10- 


-1995 


CA 


2144596 


Al 


06-10-1995 














EP 


0676880 


A2 


11-10-1995 














JP 


7326951 


A 


12-12-1995 














US 


5825242 


A 


20-10-1998 


EP 


0206402 


A 


30- 


-12- 


•1986 


GB 


2176356 


A 


17-12-1986 














AU 


5858686 


A 


18-12-1986 














DE 


3682625 


01 


09-01-1992 














DK 


269686 


A ,B, 


13-12-1986 














EP 


0206402 


A2 


30-12-1986 














JP 


2588510 


B2 


05-03-1997 














JP 


61288604 


A 


18-12-1986 














US 


4803700 


A 


07-02-1989 



I 

1 . 

u3 For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



SDOC)r>. <EP 001 732S*3_I_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BiLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

JZLINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox, 



